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We investigate the interaction of fermions having both Dirac and left-handed and right-handed 
Majorana mass terms with vacuum domain walls. By solving the equations of motion in thin-wall 
approximation, we calculate the reflection and transmission coefficients for the scattering of fermions 
off walls. 

PACS numbers: 11.27.+d, 14.60.Pq 



o 
o 

(N 
O 

Q 



> 
00 

o 
o 

oo 
O 

O 

i 

Oh! 
CD . 

43 ■ 



X 



I. INTRODUCTION 

Theoretical arguments EI and a recent analysis of 
WMAP data show that the presence of a network 
of low-tension domain walls in the Universe is not ruled 
out. Moreover, domain walls could provide a natural and 
non-exotic alternative to the most popular candidates of 
dark energy Q ■ The evolution of vacuum domain walls in 
the early Universe is determined by their interaction with 
the surrounding plasma. The two most relevant effects 
to be considered are the particle scattering off walls, and 
the presence of bound states near the walls, the so-called 
"zero modes" . 

The scattering of particles off walls (including the scat- 
tering between walls) determines the average velocity v 
of a wall and thus, in turn, the equation of state of 
a gas of domain walls, p w = (v 2 — 2/3) p w , where p w 
and p w are the energy density and pressure of the gas 
(see, e.g., Q). Indeed, when particles scatter off a wall, 
they generate a frictional force F — ^2 i riiRiApi, where 
m is the number density of particles of species i, Ri 
is their scattering probability (the reflection coefficient), 
and Api is the momentum transfer per collision (see, e.g., 
H). Hence, defining the mean velocity of the walls as 
V = J2i n iRi v il J2i n iRii the damping force can be writ- 
ten as F — [iv, where we have defined the frictional coef- 
ficient (i = {Y J in l RiAp i )(Y Ji niVi)/Y Jl n iRi- The mean 
velocity of a wall is determined by balancing the tension, 
/ ~ er/r, where a and r are the surface energy density 
and the mean curvature radius of a wall, and the friction, 
f = F. The resulting velocity is then v ~ er/r/x. It is 
clear that a full analysis of the role of domain walls in 
the Universe imposes the study of their interaction with 
particles in the primordial plasma. 

The presence of zero modes localized on a domain wall 
can be important for the stability of the wall. In partic- 
ular, fermionic zero modes may give rise to interesting 
phenomena as the magnetization of domain walls [y, |j] , 
and the dynamical generation of massive ferromagnetic 
domain walls ||. Indeed, fermionic zero modes could 
drastically change both gravitational properties and cos- 
mic evolution of a gas of domain walls js( • 

The interaction of scalar particles and Dirac fermions 



with a domain wall has been the object of various pa- 
pers in the literature (see || and references therein, 
Ei El El El El El El)- Since strong evidence for 
neutrino masses has emerged from various neutrino os- 
cillation experiments in recent years E3i we are moti- 
vated to investigate the interaction of Majorana fermions 
with domain walls (neutrinos are neutral fermions, and 
then can have both Majorana and Dirac masses). In a 
recent paper |l8|. Stojkovic has studied fermionic zero 
modes in the domain wall background, in the case in 
which the fermions have both Dirac and left-handed and 
right-handed Majorana mass terms. The aim of this pa- 
per is to study the scattering of such fermions off domain 
walls. 

The plan of the paper is as follows. In Section II we 
introduce the Lagrangian for a single real self-interacting 
scalar field <&, coupled with a fermion ip having Dirac, 
left-handed and right-handed Majorana mass terms. We 
also derive the equations of motion. In Section III we 
calculate the reflection and transmission coefficients for 
the scattering of fermions off walls, in both cases in which 
the coupling to the scalar field $ is or not the source of 
the Majorana mass terms. Finally, we summarize our 
results in Section IV. 



II. LAGRANGIAN, ASYMPTOTIC STATES, AND 
EQUATIONS OF MOTION 

We consider a simplified model in which the kink is 
a infinitely static domain wall in the xz-plane. In this 
model the scalar sector giving rise to a planar wall is a 
real scalar field with density Lagrangian 



2\2 



(1) 



In the tree approximation, the set of vacuum states is 
($) 2 = rj 2 , so that one may assume that there are regions 
with ($) = +rj and regions with ($) = — r\. By continuity 
there must exists a region in which the scalar field is 
out of the vacuum. This region is a domain wall 
and the classical equation of motion admits the solution 
describing the transition layer between two regions with 
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different values of ($), 

$(y) =7?tanh(j//A), (2) 

where A = y/2X/r) is the thickness of the wall 0. 
Now, we consider a fermion ^ having Dirac, left-handed 
and right-handed Majorana mass terms. The source of 
the Dirac and Majorana mass terms is the Yukawa cou- 
plings to the scalar field <E>. In terms of the chiral spinors 
ipL and ipR the Lagrangian density of the system is : 



„2\2 



4V- V , 

+ iip L pip L + i^R P (3) 

- (gD^LlpR + gL^TpL^l + QR^RlpR + h.C.), 

where go, gh and gn are the Yukawa couplings to the 
scalar field of the Dirac, left-handed and right-handed 
Majorana fermions, respectively. In Lagrangian J2J), 
tp c = C^ T , where C = i7 2 7° is the charge conjugation 
matrix [20j and "T" indicates the transpose. 

In the broken phase (i.e. for y — > ±oo) where $ takes a 
constant value, ($) = ±77, the scalar field give mass to the 
fermions states. It is clear that the chiral fields ipL and 
ipn do not have a definite mass, since they are coupled 
by the Dirac mass term. In order to find the asymptotic 
states with definite masses, we have to diagonalise the 
mass matrix in Lagrangian Q or, equivalcntly, we have 
to diagonalizc the Dirac equation, 



(ip-G<$>)$ = 0, 
where we have introduced the following quantities: 



G 



g 
g 



9l go 
go 9r 



\PrJ 



(4) 



(5) 



In the broken phase, Eq. (0} becomes: 

(i p =p M)V = 0, ify->±oo, 



(6) 



where we have defined the "mass matrix" M = r\G. Di- 
agonalizing the matrix M, we get: 



where 



WtA)$ m =0, ify^ioo, 



A = U 1 MU = 



1 mi 








° ^ 





mi 














—mi 





Vo 








-mi) 



(7) 



(8) 



1 For a full discussion of validity of Lagrangian JSJ i n phcnomcno- 
logically relevant models in neutrino physics, see Ref. |l8j and 
references therein. 



U is the unitary transformation which diagonalizes M, 
and "I'm = U T 'i l . The eigenvalues of M, that is ±7711,2, 
are given by 
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m h2 = - 



m L + tur ± \J im 2 D + (m L - hir} 2 
where we have defined 



m D = g D r), m L = g L rj, m R = g R r\. 



(9) 



(10) 



Here, mi and m-i represent the masses of the free-field 
propagating degrees of freedom in the theory. It can be 
showed (see e.g. Ref. 01) that the two massive fermion 
states are Majorana particles. 

After having considered the asymptotic fermion states, 
it is now clear that the particle content of Lagrangian 
consist of two Majorana fermions with masses mi and 
mi interacting with a vacuum domain wall (described by 
the scalar field $). The aim of this paper is to study the 
scattering of this two states off a wall. To this end, we 
use the following representation of the Dirac matrices, 



7° = 



a A 
-cr 3 
1 



-icr 
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ia 2 
-1a 2 

1 

-1 



(11) 



where a k , k = 1,2, 3, are the Pauli matrices. In this rep- 
resentation, a four-component fermion has left-handed 
and right-handed component of the form 

=(«,/?,-«,-/?), tf£=(7,*,7.*). (12) 

We will concentrate on the solution describing the motion 
of fermions perpendicular to the wall, i.e. along the y- 
axis, and then we suppose that 

$ = i/>L = MV,t), 1>R = il>R(V,t). (13) 

The Lagrangian J2Jl, together with Eqs. fT2"|l and i fHfy . 

implies the equations of motion 



$" - A$($ 2 - ?7 2 ) = 4ctoRe(a*7 - 0*6), (14) 



and 



0' + ia = g D <S>"/ + g L <f>0*, 
a' — i0 = g D $5 + g_L$a*, 

6' + i<i = g D $a + g R <S>5*, (15) 

7' -i6 = g D $0 + gR$7*, 

where Re(x) is the real part of x (here, and throughout, 
a prime and a dot will denote differentiation with respect 
to y and t, respectively). 

In the following we shall analyze the simple case in 
which the back-reaction of the fermion field ip on the 
domain wall configuration is null. Indeed, we make the 
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ansatz: (3 = a* and 7 = 8*, which is compatible with 
Eq. l(T5)l. and makes null the right hand side of Eq. ifl^) . 
[This, in turns, means that the wall profile is given by 
Eq. (2).] Moreover, writing a and 5 as a sum of positive 
and negative energy states, 



a(y,t) = a + (y)e-* Et + a^(y)e> Et , 
8(y,t) = 8 + (y)e- lEt + 5-(y)e* Et , 

and inserting into Eq. H15|) we get 

a*_' + Ea + = gD§5*_ + .gL$a + , 
St' - ES+ = g D $a*_ + g R $5 + , 

a* + ' - Ea- = + g L $a-, 

51' + Ed- = g D $al + g R $5-. 



(16) 



(17) 



Starting from Eq. (|17|l . we will calculate, in the next 
Section, the reflection and transmission coefficients for 
the scattering of fermions off walls. 



III. SCATTERING 

We will work in "thin- wall approximation" [5j, that is 
to say we suppose that the thickness of the wall is van- 
ishingly small, A — + 0. In this case, the wall profile takes 
the simple form $ = ^sgn(y), where sgn(x) is the sign- 
function. The thin-wall approximation is valid whenever 
the wavelength of scattered particles is much greater than 
the thickness of the wall. This approximation allows us 
to find analytical solutions to the equations of motion 
and does not affect the main results of our analysis. 
In thin-wall approximation, the solution of the system 
(|17fl for y > is easily found: 

a+ = Cl e lpiy + c 2 e lp2y + c 3 e~ tpiy + c±e- ip2y , 
a*_ = ix lCl e lpiy + ix 2 c 2 e lp2V - i Xl c 3 e~ lpiy 

- ix 2 c 4 e- ip2V , 

5+ = ix 3Cl e lpiy + ix 4 c 2 e lp2V - ix 3 c 3 e~ lpiy 

- ix A c A e- lp2V , 

6*_ = x 5Cl e lpiy + x 6 c 2 e lp2V + x b c 3 e~ lpiy 



xgc^e 



-W2V 



Here Cj are integration constants, 



E 2 



Pi, 2 : 

with 7711,2 given by Eq. and 
Pi, 2 (E + m 2 ,i) 



'1,2 ' 



(18) 



(19) 



Xl,2 



X 3 ,4 



£5,6 



(E + 7til)(E + m R ) — m 



D 



P\,2[{E + m L )(m R - m L ± m 1 =F m 2 ) 



2m 2 D ] 



m R 



2m D [(E + m L )(E + m R ) 
m,L ± mi =F m 2 



"Dl 



2itid 



(20) 



The solution in the case y < is obtained from Eq. i|18|l , 
by the substitutions Ci — > di and Xi — > yi, where di are 
new integration constants and 



2/1,2 



2/3,4 



Pl. 2 (E + 77J 2 ,l) 



(E - m L ){E - m R ) - m 2 D ' 

Pi,2[( E - m L )(m R -m L ^fm 1 ± m 2 ) + 2m 2 D ] 



2m D [(E -m L )(E - m R ) 



'Dl 



2/5,6 = ^5,6- 



(21) 



Returning to the expression for the 
ipL and ipn, we have 



chiral spinor fields 



4-\ 



V'i 



(22) 



where and ip^ are explicitly given by 



fa ± \ 



-a± 



S± 



(23) 



For definiteness we consider solutions for which we have 
incident fermion states from the left (y < 0) which are 
scattered into reflected waves going to the left and trans- 
mitted waves going to the right (y > 0). Therefore, the 
fermions are represented by incoming and reflected waves 
to the left of the wall and by transmitted waves to the 
right. Hence, taking into account Eqs. (|18(l and Ij23(l 
we obtain the transmitted, incident, and reflected left- 
handed wave functions: 



(±) ^tran 
L 



) tran = ( Cl ufl e ±ip ™ + c 2 u 



,(_±) p ±i'P2V^ e TiEt 



L,2 ' 



(V4 ±} ) refl = (d 3 v^ e^ lpiy + divfl e^ lp2y ) e 



{div^l e ±ipiy + d 2 v { lI e ±ip2V ) , 



(24) 



with the condition c 3 = ~ 0. Here, we have introduced 
the spinors 



(1,22:1, 

(u£h T = (l,ix 2 , 



-I, -ixi), 
■1, -1X2), 
( u{ lI) T = (1, — iari, — l,*a;i), 
( u{ l,1) T = C 1 ) ~ ix 2> -1)^2)- 



(25) 



The spinors v^) are obtained from v^J by the replace- 



(+) 



Hi, while u~ L I — Cuj^) and v[ ^ 



Cv 



(+) 



ments Xi yi , wjjxic u, L i — ^u L i u L i — ^^ L i - 

where i — 1,2,3,4, and C is the charge conjugation 
matrix. The transmitted, incident, and reflected right- 
handed wave functions are obtained from Eq. 124|) by 
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the substitutions u 



(±) 

L.i 



u S> v la -> v r;L where 



( u r,i) T = i x 5,ix 3 ,x 5 ,ix 3 ), 
( u r]s) T = {x6,ixi,x 6 ,ix 4 ), 
( u( R,l) T = ( x 5,-ix 3 ,x 5 , -ix 3 ), 
( u flI) T = ( x e, -^4, ^6, -iar 4 ). 



(26) 



The spinors v^J are obtained from by the replace- 



ments Xi — > t/i , while Ujj t - = C and ? 



(+) 



By imposing continuity of a±(y) and S±(y) in y = 0, we 
get 

ci + c 2 = di + d 2 + d 3 + dk, 
x\c x + x 2 c 2 = yidt + y 2 d 2 - y\d 3 - y 2 d 4 , 
x 3 d + x 4 c 2 = y 3 d x + y 4 d 2 - y 3 d 3 - y 4 d 4 , (27) 
x 5 a + x 6 c 2 = y 5 d x + y 6 d 2 + y 5 d 3 + y 6 d 4 . 

Solving the above system with respect to c%, c 2 , d 3 , d 4 , 
we obtain: 

mi s 



ci = (1 

C 2 | 1 



E 



dx, 



m2 \j 



A 1711 A 

A3 = "gT d X , 

A 1712 A 

d 4 = — d 2 . 



(28) 



The total current is defined in terms of the asymptotic 
fermion states discussed in Section II: 



^ ±)t ,(^) (±)t ,(^) (±)t ,^ ±)t 











\ 





yy 



















V o 











( 4 ±] \ 



(^)(±) 
v A ±} 



(29) 

where the second equality holds because U is a unitary 
matrix. Here "±" refer to positive and negative energy 
states, and i&ffi = C /T * (±) - It should be noted that the 
conjugate wave functions are (ipl)^ = C(t/>£ ) T and 

Because we are considering the motion of fermions per- 
pendicular to the wall, the relevant currents are those 
perpendicular to the kink, i.e., J 2 ±y Taking into account 
the expressions for the chiral wave functions and Eq. 1)29( 1 , 
we get the transmitted, incident and reflected currents: 

/ t2 v tran * , \ 2 / \ 2 l 

\J(±) ) = 8 [[xx + x 3 x 5 )c x + (x 2 + x 4 xq )c 2 \ 
= X T Tx , 

( J (±)) mC = 8 + V3V5)dl + {y 2 + y 4 ye}d 2 2 ] 



T 

X X; 



K 2 ± )) r 



-8 [{yx + V3V5)d 3 + (y 2 + y 4 y 6 )d 4 ' 
-x T Rx , 



(30) 



where we have introduced the vector 2 

2/32/5 d x , VV2 + 2/42/6 d 2 ), 



X T = 2V2U: 



and the "reflection and transmission matrices" 



11 



m\/E 2 






m 2 /E 2 ' 



T 



pj/E 2 
p 2 /E 2 



(31) 



(32) 



Note that TZ + T = 1. For an incident particle, the reflec- 
tion and transmission coefficients are given as the ratios 
of the corresponding reflected and transmitted currents. 
From Eq. l(3U|) we get 



R=- 



(j 2 Y 



(J 2 



X T K X 
X T X 



T = 



(J 2 ) 



(J 2 Y 



x T ?~x 

X T X 



(33) 

Taking into account Eq. ((32(1 . the unitary relation, 
R + T = 1, follows immediately. For tul — tur = 0, 
it is straightforward to check that R = m 2 D /E 2 , as it 
should be (5J. 

It should be noted that, since d\ and d\ are directly pro- 
portional to the amplitudes of the free- field incident wave 
functions (i.e. the incident asymptotic fermion states), 
by a suitable normalization of wave functions we can take 
dx and d 2 such that d\ + d\ — 1. Let us observe that the 
two incident fermion states of momenta pi and p 2 are 
scattered in differen way. Indeed taking dx — we get 
R = m 2 /E 2 , while for d 2 = we have R = m\/E 2 . We 
see that the interaction with vacuum domain walls is able 
to produce a local asymmetry in the distribution of the 
two Majorana fermions states of masses mi and m 2 . 

In the upper panel of Fig. 1 we plot the reflection co- 
efficient versus the energy at fixed dx, d 2 , and mi, 
for different values of tjir. In the middle (lower) panel 
we fix 771 jj (ma) and uir, and vary mjj (to_l). These fig- 
ures show that the reflection coefficient rapidly decreases 
as the energy of the incident particles increases, as ex- 
pected. Indeed, from Eq. (j3~3"]l we get that i? ~ A/E 2 for 
E 3> mi, 2, where A is a constant depending on dx, d 2 , 
mi, and m 2 . If tol <C mo <C trr and d\ — d 2 , then 
A = m 2 . Moreover, at fixed energy, fixing two of the 
three masses mo, mh, mn, the reflection coefficient is 
an increasing function of the remaining mass parameter 
3 . The essential properties of R above discussed does not 
change if we take dx ^ d 2 . Indeed, the only effect to take 
dx > d 2 (d\ < da) is, at fixed energy and mass parame- 
ters, to increase (decrease) the reflection coefficient. 

As pointed out in Ref. yj|, the Majorana masses could 
arise from the coupling to a scalar field which undergoes 



2/32/5 and 



2 It is straightforward to check that the quantities y\ 
VI + 3/4J/6 are positive definite. 

3 Because the most relevant phenomenological model for neutrino 
masses is the so-called "see-saw mechanism" )17( in which mi = 
and mir) <C m^j, in our figures we have taken < m±r, < m^j. 
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FIG. 1: Reflection coefficient versus the energy for the case 
of non-constant Majorana mass terms, with di = d,2 — l/v2. 
Upper panel. R in the case m_o = 1 and tul = 0.1, for 
four different values of thr: ttir — 1 (solid line), tur — 5 
(long-dashed line), tur — 10 (short-dashed line), mit = 15 
(dotted line). Middle panel. R in the case tul =0.1 and 
ran = 5, for four different values of mo'- run = 0.1 (solid line), 
ran — 2 (long-dashed line), mr> — 3.5 (short-dashed line), 
m_o = 5 (dotted line). Lower panel. R in the case mo = 1 
and tur = 2, for four different values of m^: tul = 0.01 (solid 
line), m_L = 0.3 (long-dashed line), tul = 0.6 (short-dashed 
line), mi, = 1 (dotted line). 



a phase transition above the phase transition of the field 
In this case, the source of the Majorana masses is not 
the coupling with $, and the Majorana mass terms are 
spatially homogeneous. In this case we set 



g L $^m L , g R $^m R , 



(34) 



in Lagrangian In thin- wall approximation, the so- 
lution of the equations of motion is, for y > 0, equal to 
Eq. fllBjL while for y < is: 



d 4 e lpi1 



l 2 e" 



d 3 e- lpiy + d 4 e~ lp2V , 



ixidie 1 ^ + ixa^e 1 ^ - i Xl d 3 e' lpiV 
ix 2 d 4 e~ lp2V , 

~ix 3 d ie lpiy - ix 4 d 2 e lp2V + ix 3 d 3 e~ lpiv 
ix 4 d 4 e' lp2V , 

-x 5 d ie lpiy - x 6 d 2 e ip2y - x 5 d 3 e~ lpiy 
x 6 d 4 e' lp2y , (35) 



where di are constants of integration, p\ t2 and m\^ 2 are 
the same as in Eq. (jl9|) . and x* are given by Eq. H20J1 . 
Taking into account the expressions for and 
(see Eq. (|23[l ). and Eq. I|35(l . we obtain the transmitted, 
incident, and reflected left-handed wave functions: 



(v ,(±))tran = 




e ±ipiy _ 


(±) 

- c 2 u L 2 


e ±ip 2 y^ e T'iEt 






e ±WlV _ 




e ±ip2V\ e TiEt 


(4 ±} r fl = 




e Tipiy _ 


1- d 4 tii J 





(36) 

where the spinors are given by Eq. (|25|l . The trans- 
mitted, incident, and reflected right-handed wave func- 
tions are obtained from Eq. (|36[) by the substitutions 
u^J — » Ujjjj and — > — d,*, where the spinors are 
given by Eq. Pfjjl. 

Taking into account Eqs. I|29l) and l|3t)|) . we get the trans- 
mitted, incident and reflected currents: 



2 ,tran 



[(x x + x 3 x 5 )ci + (x 2 + x 4 x 6 )cl], 
(•/(i)) 1 "" = 8 [(xi + x 3 x 5 )dl + {x 2 + X4x e )dl ], (37) 
(J( 2 ±) ) Icfl = -8[(xi + x 3 x b )d 2 3 + (x 2 +x i x§)d\]. 



Now, imposing continuity of a±(y) and S±(y) in y = 0, 
we get 

ci + c 2 = rfi + d 2 + d 3 + d 4 , 
X\C\ + x 2 c 2 = x\d\ + x 2 d 2 ~ x\d 3 — x 2 d 4 , 
x 3 ci + x 4 c 2 = —x 3 di — x 4 d 2 + x 3 d 3 + x 4 d 4 , (38) 
X5C1 + x 6 c 2 = -x 5 di - x 6 d 2 - x 5 d 3 - x 6 d 4 . 

Solving the above system with respect to c\,c 2 ,d 3 ,d 4 , 
and inserting the solution into Eq. I|37[) . we obtain, af- 
ter some manipulations, the reflection and transmission 
coefficients: 



R 

T : 



2m 2 D E 2 



2m 2 D E 2 + pip 2 (E 2 + p 4 p 2 — mim 2 ) 

p 4 p 2 (E 2 + pip 2 - miwg) 
2m 2 D E 2 +Pip 2 (E 2 +pip 2 - m x m 2 ) 



(39) 
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The unitary condition follows immediately from Eq. (37) 
and for rriL = tiir = we get R = mjj/E 2 , as it should 
be 0. 

It is interesting to note that in the case of spatially homo- 
geneous Majorana mass terms the reflection and trans- 
mission coefficients do not depend on the amplitudes of 
the two incident asymptotic fermion states of momenta 
Pi and p2- In fact, the dependence due to the amplitudes 
of this states factorizes in the expression of the currents 
in such a way that the reflection and transmission coef- 
ficients do not show any explicit dependence on d\ and 
d,2- Since the two Majorana fermions states of masses 
mi and TO2 are scattered in the same way, there is no 
production of local asymmetry of any kind. 

The behavior of R as a function of one of the tree mass 
parameters (keeping constant the other two) is the same 
as in the case of non-constant Majorana mass terms, 
while for large values of energy, E ^> mx$, the reflec- 
tion coefficient decreases as R ~ m 2 D /E 2 . 



We conclude by stressing that the reflection coefficients 
we found in this paper are important for determining the 
equation of state of a gas of domain walls which could be 
present in our Universe. The scattering of Majorana par- 
ticles off vacuum domain walls, together with the pres- 
ence of localized zero modes, could strongly influence the 
cosmic evolution of a gas of domain walls. However, the 
discussion of this last issue is beyond the aim of this pa- 
per and will be the object of future investigations. 
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anonymous referee for helpful comments and suggestions 
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IV. CONCLUSIONS 

We studied the interaction of fermions having both 
Dirac and left-handed and right-handed Majorana mass 
terms with kink domain walls. The source of the Dirac 
mass term was taken to be the coupling to the scalar field 
$ that gives rise to a wall. As regards the source of the 
Majorana mass terms, we analyzed two possible cases. 
In the first case we assumed that the Majorana masses 
are generated by the coupling to the scalar field <&, in the 
second one, the Majorana mass terms were taken to be 
spatially homogeneous. 

We found the asymptotic fermion states with definite 
masses, mi and m.2, which represent the free-field prop- 
agating degrees of freedom in the theory. 

By solving the Dirac equation in thin-wall approxima- 
tion, we calculated the reflection and transmission coef- 
ficients for the scattering of such fermions off walls. The 
peculiar properties of the reflection coefficient R were 
analyzed in both cases of non-constant and constant Ma- 
jorana mass terms. 

In the case of non-constant Majorana mass terms, the 
fermion states with definite masses scatter with differ- 
ent probabilities. Indeed, if the incident state consist of 
a state of definite mass mi or m^, then his scattering 
probability is R — m\/E 2 or R = m^/E 2 , respectively. 
In the case in which the incident state is a superposi- 
tion of the two definite mass states, then the reflection 
coefficient has a quite complicated expression. However, 
for high energy of the incident particles, it is given by 
R ~ m 2 ,/ E 2 (in the limit mj, <mfl< itir). 
In the case of constant Majorana mass terms, the fermion 
states with definite masses scatter in the same way. We 
found that for high energy of the incident particles, the 
reflection coefficient is R ~ m 2 D /E 2 . 
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